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INTRODUCTION 

The NASA Space Station Task Force Concept Design Group has been developing 
the architecture and associated construction scenarios for a manned space sta- 
tion. This group has estimated that the eventual power demands of the station 
will require solar arrays with an area of about 3700 m^ (40,000 ft^) (150 kw 
continuous power). The initial design concept examined by the Design Group is 
shown in figure 1 and is based on the use of a long deployable beam similar to 
that of the reference 1 array. The shortcomings of this initial design are, 

(1) the full 150 kw array must be deployed at one time, (2) there is no poten- 
tial for change or growth, and (3) a preliminary structural analysis has indi- 
cated that the fundamental natural frequency of the array would be approximately 
.004 hz. It is anticipated that such large low frequency structures would 
require an elaborate on-orbit control system. 

As a result of these shortcomings, the Concept Design Group requested that 
the Structural Concepts Branch at LaRC explore structural configurations for 
very large solar arrays (150 kw continuous power) that were stiff enough that 
an elaborate on-orbit control system would not be required. The stiffness goal 
chosen was to develop a design with its lowest natural frequency greater than 
0.4 hz. The other main considerations were that the solar array support struc- 
ture be compatible with existing technology for deployable solar array blankets 
(ref. 1), and that the power array be capable of growing in a systematic modular 
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fashion from an initial space station that might require only 30 to 50 kw to one 
with the full 150 kw continuous power capability. 

A design concept that satisfies these considerations is shown in figure 2 
and reported upon in ref. 2. In this design, deployable solar array modules 
are attached perpendicular to a large central solar array support beam. For the 
design shown in figure 2, the array aspect ratio was reduced while maintaining 
the same area in an effort to move mass inboard, thus, improving its frequency 
characteristics. For the configuration shown, a three longeron triangular beam 
with a bay size of 16 feet 8 inches was required to achieve the frequency goal 
of .4 hz. For this concept, it was assumed that the solar arrays would be sup- 
ported from two sides of the beam and thermal radiators would be supported by 
the third side. 

For a beam of this size, it was apparent that the structure would have to 
be erected on-orbit. The overall construction scenario chosen was that the cen- 
tral support beam would be erected from the gimbal , bay-by-bay, and power modules 
put in place as growth required. Erectable techniques similar to that reported 
in ref. 3 were considered. In general, the construction was conceived to be 
accomplished by astronauts on EVA assisted by a machine that would be capable 
of moving from point to point on the beam as required. For the triangular array 
support beam shown in figure 2, it was visualized that the machine would move 
through the center of the beam much like an elevator, permitting the astronauts 
to move along the beam at will. 

Further studies indicated that changing the solar array support beam from 
a triangular cross-section to a square cross-section could result in several 
significant benefits as follows: 
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For the same size members, a square beam has twice the moment of 
inertia as a triangular beam, thus, a smaller diameter cross- 
section could be used to achieve the design goal of 0.4 hz. 

2. A square beam with one more side would permit the astronaut 
assisting machine to travel outside the beam on one side while 
leaving two sides for supporting the power arrays and the fourth 
for supporting thermal radiators. 

3. The square beam configuration could also be used to construct a 
large platform if this were found to be desirable for the central 
core of the space station itself. Such a platform would permit 
the same machine used for beam construction to also be used for 
platform assembly due to the identical nodal spacing. 

The following report is a description of a machine capable of assisting in 
erecting such a square beam and of several space station configurations that 
could be erected using this machine. A conceptual scenario showing how this 
machine could be used to construct other structures is also included. Finally, 
summary remarks are presented which highlight how the approach outlined in this 
paper could affect construction of a space station as well as its operations. 

Other relevant references concerning the analysis, design and construction 
of large truss structures for space application are given in references 4 
through 13. 
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INITIAL 150 kw SPACE STATION CONFIGURATION 
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FIGURE 1 



MODULE CLUSTER - GIMBALED WING ARRAYS 
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FIGURE 2 
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FIGURE 6 


GRAVITY GRADIENT STABILIZED CONFIGURATION 
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FIGURE 7 



LARGE SUBMILLIMETER ASTRONOMICAL OBSERVATORY 
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ERECTABLE APPROACH TO SPACE STATION CONSTRUCTION 
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